Leaf area expansion, dry weight, and water relations of Phaseolus Pulgaris L. and P. acutifolius Gray were compared during a drying cycle in the greenhouse to understand the characteristics which contribute to the superior drought tolerance ofP. acutifolius. Stomates ofP. acutifolius closed at a much higher water potential than those of P. vulgaris, delaying dehydration of leaf tissue. P. acutifolius had a more deeply penetrating root system, which also contributes to its drought tolerance. Root-shoot ratios did not differ between the two species either under well watered or water stressed conditions. Leaf osmotic potential was also similar in the two species, with no apparent osmotic adjustment during water stress. These results indicate that P. acutifolius postpones dehydration and suggest that sensitive stomates and a deeply penetrating root system are characteristics which, if incorporated into cultivated beans, might increase their drought tolerance.
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Phaseolus vulgaris L., the common bean, provides an important source of protein in many developing countries. However, it is extremely sensitive to drought, and significant yield reductions due to mild drought are common (4, 12) . A related species, Phaseolus acutifolius Gray, tepary bean, has been reported to produce extremely well with limited moisture (2, 3, 13, 15, 20, 21) .
The advantage of using exotic bean germ plasm to improve the tolerance of cultivated beans to environmental stress has been advocated by several authors (16, 19) . To realize this advantage, an understanding of the qualities which contribute to increased tolerance is necessary. Despite the demonstrated ability oftepary bean to produce high yields under dry land agriculture, there is a paucity of information on the features which result in its drought tolerance.
Two general methods by which plants cope with a dry environment have been described (9) . A 
RESULTS
The environmental conditions in the greenhouse varied among and within experiments. Although night temperatures were maintained at 22 ± 3C, the day temperatures ranged from 25 to 34°C. Soil temperatures also varied, with peak temperatures ranging from 24 to 36C. The soil temperature of water-stressed plants was up to 2°C higher than that of the well-watered plants. This difference reached its maximum on the sunny days toward the end of the stress cycle. Photosynthetic photon flux density ranged between 850 and 2200, with 1650 gE.m2.s' as an average value. Although PPFD affected the temperature in the greenhouse and the rate at which the soil dried, levels never got low enough to cause stomatal closure in control plants. RH ranged from 40 to 60% during the day and to around 80% at night.
Growth. Plant dry weight and leaf area were reduced by water stress in both species (Table I) . Total dry weight of tepary bean decreased significantly more than the total dry weight of the common bean cultivars. The decrease was observed in leaves, stems, and roots with most of the difference in cultivars coming from the effect on root dry weight. Considering all four experiments, the average root dry weight in tepary decreased 24% whereas the common bean cultivars decreased 9% (WHR) and 7.2% (Pinto). Root:shoot ratios increased to the same extent in both species. Leaf area was also significantly reduced by water stress in both tepary and common beans. When compared to well-watered controls, leaf area of tepary decreased as much if not more than the leaf area of the common bean cultivars (Table  I) .
Although tepary was affected more by water stress than were the common bean cultivars, tepary produced more total dry matter and leaf area under both well-watered and water-stressed conditions.
Nondestructive measure of leaf area indicated that at the time of withholding water, 16 DAP, both species had the same leaf area ( Fig. 1) and total dry weight (data not presented). Wellwatered tepary and well-watered common bean had the same rate of leaf area expansion up to 22 d after planting at which time the rate of expansion increased, resulting in a larger leaf area in tepary than in common bean through the remainder of the experiment. This increase in leaf area was associated with a rapid increase in leaf number in tepary and not with an increase in the rate of individual leaf expansion.
Withholding water did not affect the leaf area of common bean until 7 d after the beginning of the treatment (Fig. 1) . At this time, however, the rate of expansion decreased sharply and did not recover by 3 d after rewatering. Tepary responded differently to the lack ofwater. Leafarea expansion ofthe stressed plants decreased compared to the well-watered plants, with the rate ofexpansion slowly declining as the stress progressed. Tepary had a greater expansion rate than common bean at the time of rewatering, a difference which was maintained after rewatering.
Water Relations. Leafdiffusive resistance, water potential, and osmotic potential were similar in the two cultivars of common bean and were therefore combined for presentation. The water potential of well-watered tepary was usually 2 bars higher than the water potential of well-watered common bean plants (Fig.  2) . This result was repeated in all experiments and was not (Fig. 2) . By ,d after (Fig. 6) . DISCUSSION Tepary beans regularly outyield common beai limiting conditions (3, 15, 20) . It was therefore 4 in these short-term experiments, growth of tel inhibited as much as, if not more than, growth in common beans a during the drying cycle (Table I) . Although tepary leaf area expansion rate decreased earlier in the drying cycle than did that ofcommon bean, the rate exceeded that ofcommon bean toward the end of the stress period and appeared to recover faster after rewatering (Fig. 1) . Economic yield, however, is measured as harvestable seed, not vegetative dry weight. Tepary bean produces extensive vegetative growth under well-irrigated conditions, but produces maximum seed yield with limited water supply (15) . Nevertheless, substantial vegetative growth is a necessary prerequisite for maximum seed yield. The ability oftepary bean to cope with reduced water supply during vegetative growth NHR is important in determining final seed yield.
PINTO
The results from these experiments provide important insight into the mechanisms by which tepary copes with water stress. Leaf water potential remained higher in tepary than in the common bean during the entire stress cycle (Fig. 2) . This is in part due to sensitive stomata. Whereas the stomata of the common bean did not begin to close until -13 bars and were still significantly open at -18 bars, the tepary stomata closed between -8 and -9 bars with almost complete closure by -10 bars (Fig.   4 ).
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Consistent with earlier observations on the common bean, adaxial stomata closed at a higher water potential than abaxial nmon bean (pV) stomata (7) . The results presented here extend this differential e textfor details response of adaxial and abaxial stomates to the tepary bean.
Water potentials of well-watered tepary were usually 1 to 3 bars higher than those of well-watered common bean. Since the stomatal resistance was the same in well-watered common and tepary bean and the leaf areas did not differ until late in the experiment, the difference in leaf water potential was likely due to differences in root system characteristics. Since decreased leaf water potential results from transpiration exceeding absorption, a larger root system, or a root system that more effectively occupies the soil, may delay the development of water stress. Water stress resulted in a more or less equivalent increase in the root:shoot ratio in both tepary and common bean. Experiments measuring the deepest penetrating root, however, suggest that tepary is more effective at exploring greater depths and perhaps greater volumes of soil. The difference between tepary and common bean is not in the total mass of root systems produced but in the distribution and possibly the efficacy of root systems to absorb water. Qualitative observations indicate that tepary roots are thinner and more highly branched than the common bean. Some preliminary microscopic observations revealed a thinner cortex region in tepary than in roots ofcommon bean. Additional experiments are in progress to examine this point in more detail.
Depth of root penetration has been suggested as an important adaptation oftepary to water stress (18, 20, 21 (14) reported the presence of osmotic adjustment in common and tepary bean; however, it is unclear whether the tissue was rehydrated prior to measurement. Kim and Stadelmann (8) observed no osmotic adjustment in the primary or first trifoliolate leaves of common bean during a 6-d drying cycle.
The osmotic potential declined in both the common bean and the tepary bean from -9.0 to -1 1.0 bars during the course of the experiments (Fig. 2) , but this decrease could be accounted for by tissue dehydration. This is supported by the rapid return to control levels the day after rewatering (Fig. 2) . Apparently osmotic adjustment plays little role in the acclimation of either common or tepary bean to water stress.
Tepary bean is a dehydration postponer. Sensitive stomates closing at relatively high water potentials coupled with a deep extensive root system conserve tissue hydration. Although the sensitive stomates also result in an inhibition of growth, the integrity ofthe plant is maintained and the plant can make rapid use of water when it becomes available. With the recent success of interspecific crosses between P. vulgaris and P. acutifolius (1, 16, 19, 20, 21) , the stage is set for attempts to move these specific characters into the common bean as a means of increasing its drought tolerance.
